Summary
Introduction
Kallikrein and renin are important regulators of blood pressure and as such have been studied exhaustively from a physiological point of view. In contrast virtually nothing is known about their biosynthesis, let alone their genes. In the present study a complementary DNA (cDNA) clone library was constructed for the purpose of identitication of kallikrein, renin and other gene sequences. In addition, the biosynthesis of renin was investigated in order to establish by direct means the proposal [l] that renin may be synthesized as a precursor, 'prorenin'.
Results and discussion
'Kallikrein ' gene Total poly(A)+RNA from submandibular glands of male Quackenbush mice (a rich source of kallikrein and renin) was used to prepare radioactively labelled cDNA with reverse transcriptase, oligo(dT) priming and [ a 32Pl-dCTP (2'-deoxycytidine 5'-triphosphate in which phosphorus at the aposition is replaced by 32P).
Sequential reverse transcriptase 'reactions yielded double-stranded cDNA. After addition of synthetic linker DNA the cDNA was inserted into plasmid pBR322 at the site cleaved by the restriction endonuclease Hind111 (EC 3.1.23.20 ). The recombinant DNA was then cloned in Escherichia coli strain RRI. Since the expression of a number of genes for submandibular gland proteins is stimulated by testosterone, we selected colonies which contained cDNA that hybridized more to cDNA made from male glands than to cDNA made from female glands and examined these by nucleotide sequence analysis [21. A 500 base-pair insert was sequenced. A number of out of phase nonsense codons (the base sequence of which is TGA) made it a simple matter to establish the correct reading frame, which consisted of a 441 base-pair coding region and a 5 1 base-pair 3' untranslated region (Fig. 1) . By using a computer search program, the amino acid sequence coded for was found to have strong 
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G l n C y s V a l P h e I l e T h r L e u L e u P r o A s n G l u A s n C y s A l a L y s V a l T y r L e u G l n L y s (85/149 = 57.0%) homology with the C-terminal 149 amino acids of the only completely sequenced kallikrein (from porcine pancreas), which is 230 amino acids long. Despite the sequencing of the entire 3' region, part of the 5' end was missing, no doubt because of earlier hairpin formation in the single-stranded molecule and removal of the loop by S1 nuclease. Nevertheless, the active site residues and regions conferring substrate specificity are coded in the 3' sequence shown. These, as well as cysteine residues which bond the tertiary structure, are conserved. The identity of the sequence with mouse kallikrein cannot be stated with absolute certainty. However, despite considerable homology, it clearly differs from other known mouse submandibular gland serine proteinase sequences, namely the arginyl esteropeptidase ( y ) subunit of nerve growth factor, in which 115 of 149 amino acids (77.2%) are homologous, the epidermal growth factor 'binding protein' (2 1/3 1 = 67.7% homology) and a curious protein with angiotensin forming ('renin-like') activity (25/40 = 62.5% homology). The serine proteinase trypsin from pig is markedly different, having 51/146 = 34.9% homology only. Southern blot analysis with cDNA used to probe genomic clones revealed a family of mouse genes which hybridized with the cDNA probe to various degrees. A small amount of cross-reactivity was found with rat DNA but little with human DNA. The cDNA probe was also used in hybridization histochemistry 131 of kidney. Binding was found predominantly in the same (distal nephron) sites in which renal glandular kallikrein has been found. Since amino acid sequence data for renin are not available, expression clones were therefore developed and recombinant cDNA in those exhibiting renin-like immunoreactivity is being sequenced.
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Renin biosynthesis
Submandibular tissue was used owing to its high content of renin and, presumably, renin mRNA. Since this renin also happens to be under androgenic control, mice were castrated and a month later biosynthesis was stimulated by subcutaneous injection of 1 mg of testosterone for 4 days. One hour after the last injection glands were removed and chopped into pieces, which were incubated in Dulbecco's Minimal Essential Medium containing [35Slmethionine (1 mCi/ml). At 15 min, 30 min, 1 h, 2 h and 4 h, separate portions were homogenized in acetate buffer (50 mmol/l), pH 4.0, containing inhibitors of serine proteinases and the 100 000 g x 20 min supernatant was immunoprecipitated with antirenin. The immunoprecipitates were washed, boiled in sodium dodecyl sulphate sample buffer, and electrophoresed on a sodium dodecyl sulphate-polyacrylamide slab gel, which was then stained with Coomassie blue, radioautographed and then sliced for elution of radioactivity into 10 ml of Econofluor containing 3% Protosol at 37OC overnight before liquid scintillation counting.
As well as fragments of IgG the stained gel contained additional bands at mol. wt. 44 500, 40 000, 35 500 and 34 000. Radioautography showed a strongly radioactive band of mol. wt. 44 500 which remained constant in amount for all samples (15 min to 4 h). A faint band was present at mol. wt. 40 000 in the 15 min samples and increased rapidly and progressively in amount so that by 4 h it represented 86% of the total radioactivity. By 4 h faint bands of mol. wt. 35 500 and 34 000 began to appear. The rapidity of transformation of the mol. wt. 44 500 band to the mol. wt. 40000 band was confirmed in pulse-chase studies. Two-dimensional electrophoresis was performed with the 4 h sample from the continuous-labelling experiment in order to separate renin-immunoreactive proteins according to isoelectric point (PI) and molecular weight.
This resulted in four stained spots: (1) mol. wt. 44 500, PI 6.4 (faint), (2) mol. wt. 40 000, PI 6.2, (3) mol. wt. 35 500, PI 5.6 and (4) mol. wt. 34 000, PI 5.4. The last-named two correspond to the two major forms of submandibular renin seen after purification. Radioautography of the two-dimensional gel showed two spots, corresponding to (1) and (2) above. Therefore renin is synthesized as a precursor, prorenin of mol. wt. 44 500, which is converted rapidly into a mol. wt. 40000 form and then much more slowly into forms of mol. wt. 35 000 and 34 000.
The estimate of mol. wt. 44 500 for prorenin was supported by results of cell-free translation experiments, which yielded preprorenin of mol. wt. 46 000 (since 'pre' regions are invariably mol. wt. 1500-3000).
All of the above results are for renin-like polypeptides since submandibular renin is not glycos ylated.
Thus the present study reports for the first time a likely gene sequence for kallikrein and the biosynthetic pathway of renin.
